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Heet Production of Farm Livestock j 


by M. A. R. Kelleyl/.“y LA A enheae Nes mtare 

Vitemins, emino-acids, cerotene erems, end celorices ere terms femilier to 
nutritionists. To the layman they ere more understendeble when expressed es milk, 
meet, or carrots and to the engineer more useful when expressed in terms of pounds 
and B.t.u's. As a member of the Committee on Air Conditioning of Animel Buildings, 
I heve endeevored to stete our ignorence and to summarize the evaileble deta on the 
Subject of Heet Production of Farm Livestock for the purpose of farm buildings 
design, 

We as Agriculturel Engineers heve been fortunate in heving the cooperetion 
of Dr. Kriss2/ ena pr, Mitche112/ who heve been velueble cids in the work of our 
comittee for the pest several years. We ere gled to welcome the help of other 
nutritionists who heve presented pepers here todey. 


Some twenty yeers ego Dr. H. P. Armsby4/ wes asked to help us develop the 


*. 


“ee 
baste data so essential to our work. Dr. Kriss was assigned to this task and pub- 


lished in 1921 the peper "Some Fundementels of Steble Ventiletion" (1)2/- This 
work constituted a lendmerk for the development of sound engineering prectices in 
the proper ventiletion of stables. Since thet time other helpful studies heve 


been mede, 





a Agriculturel Engineer, Division of Structures, Bureau of Agriculturel Engineer- 
ing, United States Department of Agriculture. 


e/ Dr. Max Kriss, Professor of Animal Nutrition, Institute of Animal Nutrition, 
Pennsylvania Stete College. 


3/ Dr. H. H. Mitchell, Chief in Animsl Nutrition, Dept. of Animel Husbandry, 
Illinois Agr. Exp. Sta. 


4/ Dr. H. P. Armsby (deceased) at that time Director of Institute of Animel 
Nutrition of Pennsylvenia State College. 


5/ Reference is made by number (itelic) to litereture cited. 
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This peper summarizes pertinent availeble date. For convenience of use and 
conciseness of presentation, the estimeted heat production for dairy cows end thet 
for hogs are given in the form of curves, thet for poultry in the form of a table-- 
beceuse of the importance of deta for chicks as well as for meture birds. At 
present, because of the meager deta available on horses end sheep, data on only the 
averege enimal is given. This will be helpful until further studies are mede. 

The grephs shown in figure 1 are besed on date from Armsby & Kriss (1) and 
represent date for 2 cow under averege fced and product ion.&/ Definite heat pro- 
duction from ae cow of a known weight and production permits calculetions for other 
weights by use of Remeeux's law. This lew shows that the heat production veries 
as the 2/3 power of the body weight (Fig. 1.). More recently Kleiber (3) and Brody 
(5) have shown when applied to basel metabolism e remerkable reletionship of this 
body weight to the 0.73 power, as applicable for a wide renge of animels from thet 
of mice to elephents. Our present use of this relationship as applied to metabolism 
under normel feeding, is limited because of the meny factors which affect the heat 
production under precticel conditions. Although it is of interest to note en 
averege difference of 2.8 when compared with the curve figure 1, being slightly 
less for weights under 1200 pounds end e little higher for the heevier weights. 
Trial calculations for other farm eanimels shows a different retio.. needed, 

Requests are frequently made for informetion on the heet production of poultry. 
Since the original publicetion from which these dete were obteined is now out of 
print (6) the informetion is condensed end the terms trensposed end presented in 
Table l. 


aN epee etd 9 Si! 
6/ See table IV pege 354 Cla 
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Figures 2 and 3 showing heat production for hogs as presented here are 
given for convenience of reference. More detailed information is found in a 
recent paper by Mitchell & Kelley (7). 

The information now available on the heat production of horses appears in- 
adequate for engineering design. In our tests (2) of two different barns and 
with heat units given by Armsby & Kriss used to estimate heat production, in- 
compatible results were obtained when used for comparison of the cow stable with 
that of the horse stable in the same barn. Notwithstanding an estimate of the 
heat produced by a horse as but 60 percent of that by a cow, a higher stable 
temperature resulted. Brody et al (4) reveal that the basal and resting meta- 
bolism (lying at rest) for a horse of 1000 pounds weight is 30% above that of 
dairy cow of like weight. It appears no longer necessary to consider that the 
metabolism under normnl conditions of feeding md activity of a horse would be 
less than that of a cow. If we assume that for the metabolism of the average 
horse the same ratio holds as that shown for basal metabolism by Brody, the 
average farm horse of 1350 pounds weight would produce 4510 Btuts per hour under 
normal metabolism. Such data would be more in agrcecment with results obtained 
under farm conditions and ee) above (2). 

Metabolism data for sheep are at presont very meager and not readily avail- 
able. Both Ritzman (9) and Mitchell (8) have made such studies but as yet their 
data have not been translated into cnginecring tems. In summary table 2 we have 
used Armsby and Kriss data for cows and sheep (1) and these will serwe until ad- 
ditional studies make further refinoment possible. Tablo 2 summarizes these data 


on the basis of average sizes of adult available. 
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Table 2. Heat Production of Average Livestock Under Ordinary Farm Conditions 


en SS 


Species Live Weight Heat Produced 

Hourly 

a ae we rounds 7) | Bt 

Dairy cow 1000 3000 

Swine 300 1025 

Fattening lamb 80 - 90 330 

Turkey 15 UES) 

Goose 12 81 

Duck 6 62 

Hen 5 46 
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(1) Armsby, H. P. end Max Kriss 
1921 Some Fundamentals of Steble Ventiletion 
Journel of Agr. Res. Vol AXT, No. 5 pp. 345-347 


(2) Kelley, M.A.R. 
1930 Ventiletion of Farm Barns, U. S. Dept. of Agr. Tech. Bul. 187 
73 pp. illus. (Out of print) 


(3) Kleiber, Max 
1935 Body, Size, and Metabolism 
Hilgerdia Vol. 6, No. di, Jan. 1932, Univ. of Calif. pp. 316-353 illus. 


(4) Brody, Samuel, W. C. Hall, A. C. Regsdale & EB. A. Trowbridge. 
1932 Growth and Development with special reference to Domestic Animls XXIV 
The Decline in Energy Metabolism Per Unit Weight with Increesing Age in Ferm 
Animels, Laboratory Animels ond Humans 
University of Missouri, Agr. Exp. Sta. 1932 Res. Bul. Bul. 176 pp. ( 1-59) 
Piss 


(5) Brody, Samuel, Robert C. Procter end Ural S. Ashworth 
1934 Growth & Development XXXIV Basal Metabolism Endogenous Nitrogen, 
Creatinine & Neutrel Sulphur Excretions as e« function of the Body Weight 
University of Missouri, Agr. Exp. Sta. 1934 hess Bulls 2207p, 1-40 ave, 


(6) & 
1933 Estimated Deta on the Energy, Gaseous and Water Metabolism of Poultry for 
Use in Planning the Ventilation of Poultry Houses 
Jour. Agr. Res. Vol. 47: 735-348 (Out of print) 


(7) Mitchell, H. H. ana M.A.R. Kelley 
1938, Energy Requirements of Swine and Estimetes of Heat Production end 
Gaseous Exchenge for use in Plenning the Ventilation of Hog Houses 
Jour. Agr, Res. Vol. 56, No. 11 June 1, 1938 pp. (811-830) illus, 


(8) & W. G. Kammlede and T. S. Hamilton 
1928 A technical Study of the miintenence end fattening lembs end their 
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Pit ote, Bul 314 (1928) pp. 29-60 


(9) Ritzman E, G., and F. G. Benedict 
1930 Energy Metabolism of Sheep 
University of New Hampshire Experiment Sta, 
Tech. Bul. 43 June 1930 pp. (1-23) illus. 
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